Background: Consistent data on clinical features, treatment modalities and long-term survival in patients with hepatocellular carcinoma (HCC) using nationwide quality registers are lacking. This study aimed to describe treatment patterns and survival outcomes in patients diagnosed with HCC using a national maintained database. Methods: Characteristics and treatment patterns in patients diagnosed with HCC and registered in the national register of liver and bile duct tumours (SweLiv) between 2009 and 2016 were reviewed. Overall survival (OS) was estimated using Kaplan-Meier analysis and the log rank test to compare subgroups for clinical features, treatment modalities and outcomes according to the year of treatment. Results: A total of 3376 patients with HCC were registered over 8 years, 246 (7⋅3 per cent) of whom underwent transplantation. Some 501 (14⋅8 per cent) and 390 patients (11⋅6 per cent) had resection and ablation as primary treatment. Transarterial chemoembolization and systemic sorafenib treatment were intended in 476 (14⋅1 per cent) and 426 patients (12⋅6 per cent) respectively; the remaining 1337 (39⋅6 per cent) were registered but referred for best supportive care (BSC). The 5-year survival rate was approximately 75 per cent in the transplantation group. Median OS was 4⋅6 (i.q.r. 2⋅0 to not reached) years after resection and 3⋅1 (2⋅3-6⋅7) years following ablation. In patients referred for palliative treatment, median survival was 1⋅4 (0⋅8-2⋅9), 0⋅5 (0⋅3-1⋅2) and 0⋅3 (0⋅1-1⋅0) years for the TACE, sorafenib and BSC groups respectively (P < 0⋅001). Median survival was 0⋅9 years for the total HCC cohort in 2009-2012, before publication of the Swedish national treatment programme, increasing to 1⋅4 years in 2013-2016 (P < 0⋅001). Conclusion: The survival outcomes reported were in line with previous results from smaller cohorts. The introduction of national guidelines may have contributed to improved survival among patients with HCC in Sweden.
Introduction
Hepatocellular carcinoma (HCC) is the most common type of liver cancer worldwide 1 . In Sweden, the incidence of HCC is approximately five per 100 000 in men aged 55 years, with an age-increasing trend that reaches a peak of 30 per 100 000 in men aged 75 years 2 . In women, the function are all considered when deciding on the appropriate management 3 . The Swedish SweLiv registry was launched in 2008, and aimed to include all patients with malignancies of the liver, gallbladder and bile ducts, covering about 95 per cent of the patients treated in Sweden 2 . The registry includes also interventions (resections, ablations and transplantations) related to both primary and secondary liver malignancy 3 , and was validated in 2014 4 .
Furthermore, a national treatment programme for patients with HCC was launched in 2012 and updated in 2015. This programme includes a treatment algorithm that is closely related to the Barcelona Clinic Liver Cancer (BCLC) algorithm.
A contemporary nationwide data set of HCC including patient characteristics, treatment patterns and related outcomes has not been investigated so far. This study aimed to describe the HCC national cohort, including treatments and interventions, and to investigate long-term survival outcomes.
Methods
Ethical approval for the study was granted by the ethical vetting board at Linköping University (Dnr 2017/29-31).
SweLiv
Patient registration is based on four modules: the initial entry module includes diagnosis, staging and treatment recommendations; the intervention module consists of tumour treatment by ablation, resection or transplantation; the third module covers complications and pathology; and the follow-up module, introduced in 2014, covers information regarding recurrence based on a 2-year follow-up after the first registration. The survival status of the patients entered into the register is updated continuously by linkage to the Swedish national population register.
Patients
All patients registered with a diagnosis of HCC (ICD-10 code C22.0) between 1 January 2009 and 31 December 2016 (approximately 95 per cent of all patients with HCC in Sweden) were reviewed and included in the present analysis. Patients were analysed independently from age, sex, tumour location and histological type. Patient characteristics including age, sex, Eastern Cooperative Oncology Group (ECOG) score and BCLC stage were extracted from the SweLiv to provide a baseline description of the study population. In the registry, ECOG score was used to describe not only the effect of HCC on the ECOG score but also the overall performance status.
In addition, the proportion of patients being referred to and evaluated at one of the six hepatobiliary multidisciplinary centres was reported.
Treatment
Treatment patterns were described according to the intervention module and recommendations offered to patients, including a palliative treatment plan with transarterial chemoembolization (TACE), medical treatment (sorafenib) or best supportive care (BSC), as reported in the initial entry module. Notably, there was no information available in the registry regarding whether palliative treatment was actually provided. Fig. 1 illustrates the flow diagram for treatment of HCC according to the national programme launched in 2012. Patients were categorized according to the following treatments: transplantation, if the patient was transplanted during the study period; resection, if the patient underwent resection before ablation and did not undergo transplantation; ablation, if the patient underwent ablation before resection and did not receive a transplant; TACE, if the patient was planned for TACE only; sorafenib, if the patient was planned for only this treatment; or BSC, if the patient had no active treatment as reported in SweLiv during the study interval. The starting date in the analysis was the reported date of treatment for patients who underwent transplantation, resection or ablation. For patients receiving TACE, sorafenib or BSC, the date of treatment recommendation was defined as the starting date. If this date was missing, the date of multidisciplinary management or the date of diagnosis was imputed as the starting date.
Outcomes
Overall survival (OS) was defined as the time from the treatment or palliative care decision to the date of death or the last date for survival status updates (10 August 2017).
Statistical analysis
Clinical features are reported as proportions and compared with the χ 2 test if categorical, and as mean(s.d.) or median (range) values and compared using one-way ANOVA and Mann-Whitney U tests respectively, if continuous variables. Kaplan-Meier analysis was used to estimate survival conditional on the treatment category and subgroup, and compared with the log rank test. Median survival was reported for each treatment group using years and interquartile ranges.
Survival for Child-Pugh A versus B grades was analysed in patients treated with TACE, sorafenib or BSC. OS was also investigated according to cirrhosis status at diagnosis and in patients with an ECOG score of 2. The impact of the introduction of national guidelines on OS in the HCC cohort was explored by comparing survival before 
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Resection Ablation Transplantation TACE Sorafenib BSC For transplantation, resection and ablation groups, survival was estimated from the day of operation. For transarterial chemoembolization (TACE), sorafenib and best supportive care (BSC) groups, survival was estimated from the day of treatment recommendation at multidisciplinary conference. Note that treatment groups are not comparable due to different tumour burden and ECOG score. P < 0⋅001 (log rank test).
2013 (year of guideline introduction) with that from 2013 onwards.
Results
Of 3376 patients with HCC registered in SweLiv during the study period, 2039 (60⋅4 per cent) were recommended to receive treatment, either curative or palliative. A total of 246 (7⋅3 per cent), 501 (14⋅8 per cent) and 390 patients (11⋅6 per cent) underwent transplantation, resection and ablation respectively. TACE and systemic sorafenib treatment were intended in 476 (14⋅1 per cent) and 426 (12⋅6 per cent) patients respectively, whereas 1337 patients (39⋅6 per cent) were referred for BSC (Fig. 2) . The mean patient age was 67⋅8 years, and the male : female ratio was 3 : 1. The two main causes of HCC were hepatitis C infection and alcohol-associated liver disease, which represented more than half of the patients, whereas no associated liver disease was reported in more than one-third ( Table 1 ). In 39⋅9 per cent of the patients (48⋅7 per cent of women and 37⋅1 per cent of men), no cirrhosis was detected. Non-alcohol-induced steatohepatitis has been registered in SweLiv since 2013 (57⋅2 per cent of the present patients), and was reported in 3⋅6 per cent of the patients; diabetes was reported in 3⋅8 per cent. Patients undergoing transplantation were younger than those in the other treatment categories (median 59 years versus 72 years in the BSC group; P < 0⋅001 for overall difference between treatment categories).
Overall, patient characteristics at baseline were statistically significantly different across treatment modalities ( Table 1) .
The majority of the patients (83⋅5 per cent) were referred to and evaluated in a multidisciplinary conference at one of the six liver centres in Sweden. Some 16⋅5 per cent of patients with advanced disease and severe co-morbidity (ECOG 3-4) were treated at primary hospitals with BSC. Fig. 3 shows OS across treatment categories. As expected, the transplantation group had the most improved outcome, with an estimated 5-year survival rate of approximately 75 per cent. Median OS was 4⋅6 (i.q.r. 2⋅0 to not reached) years after resection and 3⋅1 (2⋅3-6⋅7) years after ablation. For patients in whom palliative treatment was planned, median survival calculated starting from the treatment decision was 1⋅4 (0⋅8-2⋅9), 0⋅5 (0⋅3-1⋅2) and 0⋅3 (0⋅1-1⋅0) years for the TACE, sorafenib and BSC groups respectively (P < 0⋅001). Fig. 4 shows survival according to Child-Pugh grade in three different treatment groups: among patients with Child-Pugh grade B disease, median survival was 1⋅0 (i.q.r. 0⋅5-2⋅0) years in the TACE group, 0⋅3 (0⋅2-0⋅7) years in the sorafenib group and 0⋅2 (0⋅1-0⋅6) years in the BSC group (P < 0⋅001). Accordingly, in patients with Child-Pugh grade B disease, the survival duration was approximately 1⋅7 months longer in patients planned for sorafenib treatment than in those receiving BSC. In patients with Child-Pugh grade A disease, median survival was similar for BSC and planned sorafenib treatment (approximately 0⋅5 years in both groups), although the BSC group contained an apparently higher proportion of patients surviving in the longer term (1⋅5-2⋅5 years) (P < 0⋅001).
Survival outcomes
Median survival of patients with cirrhosis at diagnosis was 0⋅5 years greater than that of patients without cirrhosis (P < 0⋅001) ( Fig. 5) .
Survival rates for the 20⋅5 per cent of patients (87 of 425) with an ECOG score of 2 who were treated with transplantation, resection or ablation are presented in Fig. 6 . Median survival for the ablation subgroup was 2⋅7 years, whereas median survival was not reached in the transplantation and resection subgroups (P < 0⋅001). 
Treatment recommendations in Swedish national guidelines
Overall treatment patterns differed between the two time periods before and after the introduction of national guidelines (P < 0⋅001). The proportion of patients treated with ablation increased from 8⋅6 to 13⋅8 per cent, and the proportion treated with resection increased from 13⋅1 to 16⋅2 per cent. In contrast, the proportion of patients planned for BSC reduced from 43⋅1 to 36⋅8 per cent in the two time periods (Fig. 7a) .
Median survival was 0⋅9 years for the total HCC cohort in 2009-2012, before the Swedish national treatment programme was published, and increased to 1⋅4 years in 2013-2016, after its publication (P < 0⋅001) ( Fig. 7b ).
Discussion
Since 2012, national guidelines for the treatment of HCC have been published in Sweden, and updated to keep up with current evidence. The introduction of these guidelines may have contributed to the increased median survival of more than 6 months for the whole cohort when patients diagnosed before 2013 were compared with those diagnosed subsequently. For example, the proportion of patients receiving curative treatment increased in recent years: one-third of all patients were treated with transplantation, resection or ablation, and these groups had overall 5-year survival rates of 73⋅9, 47⋅1 and 30⋅1 per cent respectively. Although national data are sparse, data from the SEER (Surveillance, Epidemiology, and End Results) registry, covering approximately 28 per cent of the US population, for 2000-2010 showed that 23 per cent of the patients received potentially curative treatment, although this proportion did not increase over time 5 ; the curative treatment rate was lower than the 34 per cent found in the present study. As reported by others 6 , the survival rate after liver transplantation for HCC exceeds that observed after resection, although the groups are hardly comparable because patients selected for resection are usually older with larger tumours and lower Child-Pugh grade and BCLC stage. More than 20 per cent of all patients with an ECOG score of 2 were offered transplantation, resection or ablation outside the recommended guidelines. Survival of these patients was clearly better than that of patients with planned BSC, who thus also need active evaluation in a multidisciplinary setting.
TACE is performed mainly with drug-eluting beads in Sweden. The median OS of 1⋅4 years for patients in the TACE group was similar to that reported by large single centres 7 , although patients in the present cohort were older. There was a notably small survival difference between sorafenib-treated patients and those who received BSC, although the latter patients were older and had a higher ECOG score. However, the lack of data on actual doses administered in this study does not allow any conclusions to be drawn, as the tolerability of sorafenib treatment varies highly between individuals 8 . Survival of patients with Child-Pugh grade B disease was lower than that of patients with Child-Pugh grade A disease in both the sorafenib and TACE groups, based on subgroup analysis, an effect also observed by others 9, 10 . Survival was better in the cohort of patients with liver cirrhosis than in those without cirrhosis. This could be related to the fact that patients with cirrhosis are diagnosed at an earlier stage with smaller tumours, possibly in the setting of a surveillance programme as included in the national guidelines.
A surprisingly large proportion of patients offered BSC had an ECOG score of 0-1 and a low Child-Pugh grade, possibly indicating that there is still a margin for improvement in the treatment of HCC in Sweden.
Up to 40 per cent of patients in the registry had no radiological signs of cirrhosis, in contrast to other findings 11 . In addition, in more than one-third of patients there was no known associated liver disease, indicating a large group of patients with unknown aetiology. A deeper analysis of these groups is needed to clarify these findings.
The strengths of the SweLiv registry are its high coverage, more than 95 per cent of the population, and the ability to validate the coverage against the Swedish cancer registry, using the Swedish social security number system, to ensure that as few patients as possible are missing. The main strength of this study was that it included a nationwide cohort of patients with HCC retrieved from a validated registry with high coverage, thereby eliminating the selection bias inherent to smaller, isolated cohorts. However, the SweLiv register has some important limitations that affect interpretation of the findings, such as the lack of data on actual administration of TACE, sorafenib and BSC. Thus, the results are based on what treatment was recommended during multidisciplinary management. Further analysis of these patient groups would be of value to ascertain correct survival outcomes in these groups and, ultimately, to record data on these treatments in the SweLiv registry. Furthermore, the data were not complete for some of the parameters, as noted in Table 1 . As future research may include risk stratification and survival outcomes in more refined subgroups, it is important to increase data completeness in the registry. Indeed, recent measures have been undertaken to ensure such improvements, and to enable more refined research questions to be explored. These findings suggest that the survival outcomes in this national cohort are in line with previously reported outcomes in smaller cohorts, and that the introduction of national guidelines may have contributed to improved survival among patients with HCC.
